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A process and an apparatus for the ultrasonic testing of a
component accessible only through a gap, includes driving
a carrier accommodating an ultrasonic testing head into an
annular gap and bringing the ultrasonic testing head into a
position of alignment with the component, for the purposes
of repeated testing of components disposed in the poorly

‘accessible gap. Subsequently, the sltrasonic testing head is

driven out from the carrier approximately at right angles to
the driving-in movement, and is brought into contact with
the component. After completing the testing process, the
ultrasonic testing head is driven once more into the carrier
and brought into a position of alignment with the next
component.

8 Claims, 3 Drawing Sheets
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PROCESS AND APPARATUS FOR THE
ULTRASONIC TESTING OF A COMPONENT
ACCESSIBLE ONLY THROUGH A GAP

BACKGROUND OF THE INVENTION
FIELLD OF THE INVENTION

The invention relates to a process and an apparatus for the

ultrasonic testing of a component being accessible through
a gap and associated with a wall bounding the gap.

Heretofore, components such as securing screws, for
example, that were disposed in such a gap were not sub-
jected to repeated testing because of difficult accessibility.
However, in the case of relevant industrial installations,
more recent satety regulations require the testing of those
components previously considered as poorly accessible.

SUMMARY OF THE INVENTION

It is accordingly an object of the invention to provide a
process and an apparatus for the ultrasonic testing of a
component accessible only through a gap, which overcomes
the hereinafore-mentioned disadvantages of the heretofore-
known processes and an apparatuses of this general type.

With the foregoing and other objects in view there is
provided, in accordance with the invention, a process for the
ultrasonic testing of a component being accessible only
through a gap and being associated with a wall bounding the
gap, which comprises driving a carrier accommodating an
ultrasonic testing head into a gap in a given driving-in
direction; bringing the ultrasonic testing head into a position
of alignment with the component by driving the ultrasonic
testing head out of the carrier in the direction of the
component and approximately at right angles to the given
driving-in direction; irradiating the component with sound;
and driving the ultrasonic testing head into the carrier and
bringing the ultrasonic testing head into a position of align-
ment with the next component to be tested, after completion
of a testing process.

With the objects of the invention in view, there is also
provided, in an assembly having an outer circumferentially
closed cylinder and an inner circumferentially closed cylin-
der projecting beyond the outer cylinder in axial direction
and defining a gap between the cylinders, an apparatus for
the ultrasonic testing of a component being accessible only
through the gap, comprising an annular rail disposed above
the inner cylinder; a carriage to be driven along the annular
rail; a sliding body associated with the carriage; a guide rail
penetrating the sliding body, being movable relative to the
sliding body and ending above the outer cylinder; a probe
body to be driven into the gap in a given direction and to be
moved along the guide rail, the probe body having an end
piece facing the gap; a side rail disposed on the end piece of
the probe body for being driven transversely to the given
direction, the side rail having ends; a carrier being disposed
at least at one of the ends of the side rail and being movable
in axial direction of the side rail; and an ultrasonic testing
head being carried by the carrier and being controlled for

movement running relative to the carrier.

With the objects of the invention in view, there is addi-
tionally provided, in an assembly having an outer cylinder
formed of mutually spaced apart cylindrical part-shells and
an inner cylinder projecting beyond the outer cylinder and
defining a gap between the cylinders, an apparatus for the
ultrasonic testing of a component being accessible only
through the gap, comprising a first annular rail disposed
above the inner cylinder; a carriage to be driven along the
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annular rail; a sliding body being associated with the car-
riage; a guide rail penetrating the sliding body, being mov-
able relative to the sliding body and being extended as far as
beneath the outer cylinder; a second annular rail; a sliding
element supporting the guide rail on the second annular rail;
a probe body to be driven into the gap in a given direction
and to be moved along the guide rail, the probe body having
an end piece facing the gap; a side rail being disposed on the
end piece of the probe body for being driven transversely to
the given direction, the side rail having ends; a carrier being
disposed at least at one of the ends of the side rail and being
movable in axial direction of the side rail; and an ultrasonic

testing head being carried by the carrier and being controlled
for movement running relative to the carrier.

Since the ultrasonic testing head can be driven completely
into the carrier, the carrier can be constructed to be relatively
thick even in the case of narrow gaps, so that stability is
ensured. Such stability is also necessary when, after reach-
ing the alignment position (the ultrasonic testing head and
the object to be tested are located in one testing plane), the
testing head is driven-out in the direction of the object to be

tested.

In accordance with another feature of the invention, the
guide rail has a tang being disposed above the outer cylinder
and facing the inner cylinder, and there is provided a
calibration body disposed on the tang, for bringing the
ultrasonic testing head on the side rail into position opposite
the calibration body.

In accordance with a further feature of the invention, the
carriage includes two part-carriages being connected to each
other by the sliding body.

In accordance with an added feature of the invention,
there is provided a camera being associated with the carrier
and disposed at a predeterminable distance from the ultra-
sonic testing head, the ultrasonic testing head and the camera
lying on the same axis of symmetry as seen in axial direction
of the side rail.

In accordance with a concomitant feature of the invention,
the carrier has a shoulder; and the ultrasonic testing head
being movable relative to the carrier has an annular dia-
phragm with an inner edge region and an outer edge region;
a cover plate being let into the carrier and pressing the outer
edge region of the annular diaphragm against the shoulder of
the carrier; a bellows having a flange facing away from the
cover plate and having a fianged bush facing the cover plate
and being connected to the inner edge region of the
diaphragm, the flange of the bellows carrying at least one

‘ultrasonic oscillator; the diaphragm and the cover plate

defining a chamber therebetween alternatively having pres-
sure and a vacuum applied to the chamber; and the bellows
having an internal space being connected to the chamber
through an opening.

Other features which are considered as characteristic for
the invention are set forth in the appended claims.

Although the invention is illustrated and described herein
as embodied in a process and an apparatus for the ultrasonic
testing of a component accessible only through a gap, it is
nevertheless not intended to be limited to the details shown,
since various modifications and structural changes may be
made therein without departing from the spirit of the inven-
tion and within the scope and range of equivalents of the
claims.

The construction and method of operation of the
invention, however, together with additional objects and
advantages thereof will be best understood from the follow-
ing description of specific embodiments when read in con-
nection with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic, partly broken-away perspective
view of built-in components of a core of an industrial
nuclear installation with a testing apparatus;

FIG. 1a 1s a perspective view of part of the apparatus
according to FIG. 1;

FIG. 2 is a view similar to FIG. 1 showing another
structure of the configuration according to FIG. 1;

FIG. 2a is an elevational view showing a part of FIG. 2,
as seen in the direction of an arrow II:

FIG. 3 is a longitudinal-sectional view of part of the
built-in components of the core and of the testing apparatus;

FIG. 4 is an enlarged, fragmentary, exploded, perspective
view showing a part of the testing apparatus; and

FIGS. 5 and Sa are partly broken-away perspective views
showing an ultrasonic testing head for carrying out the
process.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the figures of the drawing in detail and
first, particularly, to FIG. 1 thereof, there is seen a perspec-
tive representation of an inner cylinder 2 which acts as a core
container belonging to built-in components of a core of a
non-illustrated industrial nuclear installation. The inner cyl-
inder 2 has a lower region which is surrounded by an outer
cylinder 4 while maintaining an annular gap 5. The outer
cylinder 4 acts as a thermal shield for the built-in compo-
nents of the core and is constructed as a closed hollow
cylinder. A cut-away section of the outer cylinder 4 exposes
a view of the inner cylinder 2 and the components 1 disposed
there. In this exemplary embodiment a component 1 of this
type forms a hexagonal socket screw, shown on a larger
scale in FIG. 5, which is let into the wall of the inner cylinder
2. For the purposes of testing such a component, a first
annular rail 7 above the inner cylinder 2 projects beyond the
outer cylinder 4 in the axial direction. The annular rail 7
carries a carriage 8 which can be moved along the annular
rail 7 with the aid of a drive 9. A sliding piece 10 which is
penetrated by a guide rail 11 is assigned to the carriage 8.
The guide rail 11 ends above the outer cylinder 4. The guide
rail 11 has a tooth system 12 of rack-like construction and
can be moved relative to the carriage 8 to a predeterminable
extent through a drive 13 engaging in the tooth system. A
resilient probe body 14 can be moved along the guide rail 11
by a drive 135 which is disposed in a curve piece of the guide
rail 11. A power supply is provided through a cable 16. The
probe body 14 has a free end at which an end piece 17 (also
seen 1n FIGS. 1a and 4) is disposed and connected to it
detachably. The carriage 8 includes two part carriages 8a,
8b, which are connected to each other by the sliding piece
10. As can be seen from FIG. 1a, the sliding piece 10,
together with the guide rail 11 and the probe body 14, can
be separated from the remaining carriage parts 8a, 85 with
the aid of lifting gear 43. In the assembled state, holes 44
associated with the sliding piece 10 engage pins 45 which
are fitted on the carriage parts 8a, 8. The apparatus is
provided with a variable structure by using this carriage
which is constructed in three parts. A sliding piece 10 which
is equipped with another guide rail 11 or another probe body
14 can be inserted in a simple manner, so that other testing
tasks can be carried out on the cylinders 2 and 4.

As can be seen further from FIG. 4, which is shown on a
larger scale, the end piece 17 has a side rail 18 assigned to
it which can be moved in the direction of an arrow 19 by a
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non-illustrated drive. The side rail 18 has free ends with a
guide 20. A carrier 21 can be moved in the direction of an
arrow 22 in each guide 20. Each carrier 21 is equipped with
an ultrasonic testing head 23 which is shown on a larger
scale in FIGS. 5 and Sa. The carrier 21 has a camera 24 at
a predeterminable distance from the ultrasonic testing head
23. The camera 24 and the ultrasonic testing head 23 are
disposed along an axis of symmetry 25 running parallel to
the longitudinal extension of the side rail 18.

FIG. 4 also shows measures which are necessary for
placing the ultrasonic testing head 23 on an alignment line
26. After driving the carrier 21 into the annular gap S by
using the elements described with regard to FIG. 1, and after
a successful centering between the camera 24 and the
component 1 constructed as a hexagonal socket screw, a
displacement of the carrier 21 is carried out in the direction
of the arrow 22 by a predetermined distance between the
camera and the ultrasonic testing head, so that the precise
positioning on the alignment line 26, which can be seen from
FIG. 4, is carried out.

After this positioning on the alignment line has been
achieved, the driving of the carrier 21 in the direction of an
arrow 27, according to FIGS. 2z and 4, is carried out until
a wall of the inner cylinder 2 which is accommodating the
component 1 to be tested is contacted by the carrier 21.
According to FIG. 2a, a remotely-controllable plunger 47
which is used for this purpose can be adjusted against the
guide rail 11, 11q and as a result permits a movement of the
carrier 21 until it rests on the wall.

The hexagonal socket screw which is to have sound
passed through it to look for cracks is secured by using a disc
28 shown in FIGS. 5 and S5a, so that the testing can be carried
out only through the bottom surface of the hexagonal socket.
As can be seen more clearly from FIGS. 5 and 5a, which are
shown on a larger scale, the ultrasonic testing head, which
is designated as a whole by reference numeral 23, includes
a cover plate 29 that is let into the carrier 21, a diaphragm
30, a bellows 31 and at least one ultrasonic transducer which
1s assigned to a flange 37 of the bellows 31. The diaphragm
30. which is of annular construction, is clamped with its
outer edge region 33 between the cover plate 29 and a
shoulder 34 of the carrier 21. The diaphragm 30 has an inner
edge region 35 which is fastened on a flanged bush 36 of the
bellows 31. A contact piece 32 made of a resilient material
is disposed between the flange 37 carrying at least one
ultrasonic transducer and a surface of the specimen or
component. Through the use of a corresponding recess in the
carrier 21, a chamber 39 is formed between the cover plate
29 and the diaphragm 30. The chamber 39, including an
internal space of the bellows 31, which is accessible through
an opening 38, can alternatively have pressure (left drawing
half) or a vacuum (right drawing half) applied to it. If a
vacuum is applied, the entire ultrasonic testing head 23 is
located inside the carrier 21, in a manner similar to the right -
drawing half. This position of the ultrasonic testing head 23
is assumed during driving movements of the carrier 21
within the annular gap and protects the ultrasonic testing
head from damage. When the testing position according to
FIGS. 5 and Sa is reached, the chamber 39 has pressure
applied to it. In a manner similar to the left drawing half of
FIGS. S and Sa, the flange 37, carrying the at least one
ultrasonic transducer, is driven out until the resilient contact
piece 32 comes to rest on the bottom surface of the hex-
agonal socket of the screw. The bellows 31 and the chamber
39 permit an extended length of the ultrasonic testing head
23 which can be greater than the thickness of the carrier 21.
Since the diaphragm and the bellows do not need separate
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seals, no sealing problems can occur. The bellows leads to
a flexible and self-centering apparatus. After the testing has

been carried out, a vacuum is applied to the chamber 39, so
that the ultrasonic testing head 23 once more assumes the
position shown in the right drawing half. According to FIG.
1. the next position to be tested is driven to by using the
drive 15 and the carriage 8 and is finely adjusted with the aid
of the side rail 18 and the carrier 21. The exemplary
embodiment according to FIG. 2 is a perspective diagram-
matic view of an inner container 2 which acts as a core
container and belongs to built-in components of a core of a
non-illustrated industrial nuclear installation. An outer cyl-
inder 4a, acting as a thermal shield for the built-in compo-
nents of the core, is formed of a plurality of cylindrical
part-shells 460 which are spaced at intervals from one
another. The part-shells 46 delimit an annular space Sa

which, however, is interrupted because of the distance
between the part-shells 4b. In the case of this configuration,
a guide rail 11a extends as far as beneath the outer cylinder
4a. The guide rail 11a ends at a sliding element 40 which
connects carriage parts 8c, 84 to each other. The carriage
parts 8¢, 84 are supported on a second annular rail 7a and
can be moved along the same. The carriage 8, the sliding
element 40 and the guide radl 1la connecting these compo-
nents to one another carry out their rotational movement
together with the aid of drives 9, 9a. The guide rail 11a-
accommodates the probe body 14 in a similar way to that
described in relation to FIG. 1. The driving movement of the
side rail 18 and/or the carriage is carried out in the direction
of an arrow 41 in the annular space Sa delimited by the
part-shells 4b. The testing of components 1 disposed in the
annular space Sa such as, for example, a hexagonal socket
screw, is carried ount in the same way as described in relation
to FIGS. 1, 4 and 3. Likewise, as in the case of the exemplary
embodiment according to FIG. 1, the guide rail 11q, together
with the sliding piece 10 and the sliding element 40, can be
separated from the carriage parts.

According to FIGS. 1 and 2, a calibration body 42 is
assigned to the guide rail 11, 11a. The carrier 21 with the
ultrasonic testing head 23 can be brought into position
opposite the calibration body and can be adjusted for faults

and the like.

FIG. 3 shows a guide rail 11, 11a constructed partly with
a slot 48. One tang 49 of the guide rail carries the calibration
body 42 in the region of the slot 48. The probe body 14 is
driven out until the carrier 21 with the ultrasonic testing head
has passed in the slot 48 up to the level of the calibration
body.

We claim:

1. In an assembly having an outer circumferentially
closed cylinder and an inner circumferentially closed cylin-
der projecting beyond the outer cylinder in axial direction
and defining a gap between the cylinders, an apparatus for
the ultrasonic testing of a component being accessible only
through the gap, comprising:

an annular rail disposed above the inner cylinder;

a carriage to be driven along said annular rail;

a sliding body associated with said carriage;

a guide rail penetrating satd sliding body, being movable
relative to said sliding body and ending above the outer
cylinder;

a probe body to be driven into the gap in a given direction
and to be moved along said guide rail, said probe body
having an end piece facing the gap;

a side rail disposed on said end piece of said probe body
for being driven transversely to said given direction,
said side rail having ends;
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6

a carrier being disposed at least at one of said ends of said
side rail and being movable in axial direction of said
side rail;

an ultrasonic testing head being carried by said carrier and
being controlled for movement running relative to said
carrier; and

said guide rail having a tang being disposed above the
outer cylinder and facing the inner cylinder, and includ-
ing a calibration body disposed on said tang, for
bringing said ultrasonic testing heads on said side rail
into position opposite said calibration body.

2. The apparatus according to claim 1, wherein said
carriage includes two part-carriages being connected to each
other by said sliding body.

3. The apparatus according to claim 1, including a camera
being associated with said carrier and disposed at a prede-
terminable distance from said ultrasonic testing head, said
ultrasonic testing head and said camera lying on the same
axis of symmetry as seen in axial direction of said side rail.

4. In an assembly having an outer cylinder formed of
mutually spaced apart cylindrical part-shells and an inner
cylinder projecting beyond the outer cylinder and defining a
gap between the cylinders, an apparatus for the ultrasonic
testing of a component being accessible only through the
gap, comprising:

a first annular rail disposed above the inner cylinder;

a carriage to be driven along said annular rail;

a sliding body being associated with said carriage;

a guide rail penetrating said sliding body, being movable

relative to said sliding body and being extended as far
as beneath the outer cylinder;

a second annular rail;

a sliding element supporting said guide rail on said second
annular rait;

a probe body to be driven into the gap in a given direction
and to be moved along said guide rail, said probe body
having an end piece facing the gap;

a side rail being disposed on said end piece of said probe
body for being driven transversely to said given
direction, said side rail having ends;

a carrier being disposed at least at one of said ends of said
side rail and being movable in axial direction of said
side rail;

an ultrasonic testing head being carried by said carrier and
being controlled for movement running relative to said
carrier; and

said guide rail having a tang being disposed above the
outer cylinder and facing the inner cylinder, and includ-
ing a calibration body disposed on said tang, for
bringing said ultrasonic testing head on said side rail
into position opposite said calibration body.

5. The apparatus according to claim 4, wherein said
carriage includes two part-carriages being connected to each
other by said sliding body.

6. The apparatus according to claim 4, including a camera
being associated with said carrier and disposed at a prede-
terminable distance from said ultrasonic testing head, said
ultrasonic testing head an said camera lying on the same axis
of symmetry as seen in axial direction of said side rail.

7. In an assembly having an outer circumferentially
closed cylinder and an inner circumferentially closed cylin-

der projecting beyond the outer cylinder in axial direction
and defining a gap between the cylinders, an apparatus for
the ultrasonic testing of a component being accessible only
through the gap, comprising:
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an annular rail disposed above the inner cylinder;

a carriage to be driven along said annular rail;

a sliding body associated with said carriage;

a guide rail penetrating said sliding body, being movable
relative to said sliding body and ending above the outer
cylinder;

a probe body to be driven into the gap in a given direction
and to be moved along said guide rail, said probe body
having an end piece facing the gap;

a side rail disposed on said end piece of said probe body
for being driven transversely to said given direction.
said side rail having ends;

a carrier being disposed at least at one of said ends of said

side rail and being movable in axial direction of said

side rail, said carrier having a shoulder; and

an ultrasonic testing head being carried by said carrier and

being controlied for movement running relative to said

carrier, said ultrasonic testing head being movable
relative to said carrier having:

an annular diaphragm with an inner edge region and an
outer edge region;

a cover plate being let into said carrier and pressing said
outer edge region of said annular diaphragm against
said shoulder of said carrier:

a bellows having a flange facing away from said cover
plate and having a flanged bush facing said cover
plate and being connected to said inner edge region
of said diaphragm, said flange of said bellows car-
rying at least one ultrasonic oscillator;

said diaphragm and said cover plate defining a chamber
therebetween alternatively having pressure and a
vacuum applied to said chamber; and said bellows
having an internal space being connected to said
chamber through an opening.

8. In an assembly having an outer cylinder formed of
mutually spaced apart cylindrical part-shells and an inner
cylinder projecting beyond the outer cylinder and defining a
gap between the cylinders, an apparatus for the ultrasonic
testing of a component being accessible only through the

gap, comprising:
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a first annular rail disposed above the inner cylinder;

a carriage to be driven along said annular rail;

a sliding body being associated with said carriage;

a guide rail penetrating said sliding body, being movable
relative to said sliding body and being extended as far
as beneath the outer cylinder;

a second annular rail;

a sliding element supporting said guide rail on said second
annuiar rail;

a probe body to be driven into the gap in a given direction
and to be moved along said guide rail, said probe body
having an end piece facing the gap;

a side rail being disposed on said end piece of said probe
body for being driven transversely to said given
direction, said side rail having ends;

a carrier being disposed at least at one of said ends of said
side rail and being movable in axial direction of said
side rail, said carrier having a shoulder; and

an ultrasonic testing head being carried by said carrier and
being controlled for movement running relative to said
carrier, said ultrasonic testing head being movable
relative to said carrier having:

an annular diaphragm with an inner edge region and an
outer edge region;

a cover plate being let into said carrier and pressing said
outer edge region of said annular diaphragm against
said shoulder of said carrier:

a bellows having a flange facing away from said cover
plate and having a flanged bush facing said cover
plate and being connected to said inner edge region
of said diaphragm, said flange of said bellows car-
rying at least one ultrasonic oscillator;

said diaphragm and said cover plate defining a chamber
therebetween alternatively having pressure and a
vacuum applied to said chamber; and

said bellows having an internal space being connected to
said chamber through an opening.
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